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Date thesis is presented May 5, 1977 Typed Lineweaver-Burk plot comparing enzymatic activities of cells cultured on glucose with those cultured on ethanol Previously reported assay conditions for the 24(28)methylene reductase (19) give extremely low yields and poor reproducibility.
With the cell-free conditions reported here, the 24(28)methylene reductase may be easily studied under conditions of high activity.
This is important in comparing the synthesis and function of this enzyme under differing physiological conditions.
Since among microorganisms these enzymes are specific for fungi, the possibility for selective inhibition of fungal pathogens exists. 2 Current treatment of some fungal infections involves the use of amphotericin B and other polyenes whose action is nonspecific since they have effects on cholesterol as well as ergosterol (13, 26) .
By developing an in vitro assay for one of the side chain modifying enzymes, it would be possible to test the effects of various drugs on the system and thus provide a tool for finding a highly specific means of inhibiting fungal growth.
A naturally occurring metabolite has been isolated from Geotrichum flavo-bruneum (9) and has been shown to possess strong antifungal properties (17) . This sterol analog ( Figure 2 ) has been identified as 15-aza-24-methylene-D-homocholestadiene (azasterol) (11) .
Bailey et al. (4) have demonstrated that this azasterol causes both in vivo and in vitro inhibition of the sterol methyltransferase in S. cerevisiae (reaction A). Because of the effects of this drug on the methyltransferase, the inhibition of other sterol systems by azasterol derivatives (28, 30) and the structural similarity between ergostatetraene and azasterol, the in vitro effects of this drug were tested on the 24(28)methylene reductase. Starr and Parks (29) showed that the rate and extent of methyl transfer increased with aeration time of cultures and was dependent upon the presence of a fermentable carbon source and 02.
Early work with the transmethylation reaction was hindered by the inability to identify ergosterol precursors, insolubility of sterols in growth medium, and low uptake rates in whole cells. The 24 methyltransferase activity could not be accurately measured, since the whole cell assay systems that were employed depended upon the uptake of methionine, its activation to adenosylmethionine and the synthesis of sterolic precursors. 4 
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Figure 3 Moore and Gaylor (22) prepared a cell-free extract of 24 6 methyltransferase which showed stoichiometry between the disappearance of zymosterol and adenosylmethionine and the appearance of fecosterol, a methylated zymosterol derivative. This implied that zymosterol was the methyl acceptor and agreed with previous findings that showed that adenosylmethionine played an important role in the methylation reaction.
Further studies by Moore and Gaylor (23) suggested that the enzyme had a specific requirement for an acceptor substrate with a demethylated between sterol synthesis and respiratory adaptation in yeast (27) .
Thompson also found that in cultures grown in 10% glucose medium, over 7 95% of the methyltransferase activity was associated with the microsomal fraction (105,000 x g pellet obtained from a 25,000 x g supernatant).
When cells were cultured under conditions that favored respiratory metabolism (ethanol medium) less than 2% of the activity was present in the microsomal fraction. Instead the majority of the activity was found in the 25,000 x g pellet (mitochondrial fraction). Since mitochondrial maturation is inhibited in the presence of large concentrations of glucose, an accumulation of promitochondria is found in cultures grown on glucose medium. Using a sucrose density gradient profile and cytochrome oxidase assay procedure, Thompson showed that the microsomal fraction of glucose cultured cells corresponded to the promitochondrial fraction and demonstrated that the methyltransferase enzyme is present in promitochondria. This experiment also indicated that the enzyme is not subject to repression by high levels of glucose. Although a decrease in activity was noticed, the enzyme was always present in the cultures and was not completely repressed during anaerobic growth. By using cyclohexamide, chloramphenicol, and mitochondrial DNA-less mutants (EB-5) and (5015 D), Thompson also showed that the enzyme is synthesized on cytoplasmic ribosomes and coded for in nuclear DNA.
Bailey et al. (6) presented evidence for the presence of more than one methyltransferase. Using an in vitro assay, three enzymic activities were obtained which differed with respect to pH optima, zymosterol affinity, and Michaelis constants for S-adenosylmethionine.
Using the same localization procedure as Thompson (32) Thompson and Parks (33) showed that the methyltransferase is also effected by the sterol composition of the mitochondrial membrane. 
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The efficient incorporation of the label into the ergosterol indicated that the ergostatetraene was an important precursor of ergosterol.
Crude cell free extracts were first prepared from wet cake-form brewers yeast (19) . The 24(28)methylene reductase activity was poor, but Jarman was able to show that NADPH was the essential cofactor of the reduction reaction.
This paper is concerned with the development of a new assay for this enzyme and its inhibition by an azasterol.
MATERIALS AND METHODS
11
Cultures
Saccharomyces cerevisiae strain 3701-B was used for all of the preliminary studies, pH effects, enzyme kinetics, and inhibition studies. Saccharomyces cerevisiae strain NCYC 366, a known ergostatetraene accumulator, was used for the preparation of the enzyme
substrate.
It was also tested for 24(28)methylene reductase activity.
Other strains tested for enzymatic activity were, 317 R50 aRho+, and Candida albicans. Inoculum for the 2-liter flasks used in the experiment was prepared by incubating the organisms in 10 mis of tryptoneglucose broth in a reciprocating shaker at 28°C for 24 hours.
Media and Cultural Conditions
The organisms were routinely grown with shaking in tryptoneglucose broth medium (10) . In some instances the 2% glucose was The acetylated sterols were separated by thin layer chromato- In determining the Km the ergostatetraene substrate concentration ranged from 3 pM to 40 pM. For the optimal pH determination the ergostatetraene concentration in the reaction tubes was 6.5 pM.
During the azasterol inhibition studies the azasterol concen- 17 tration was tested at 72 pM, 97 pM, and 122 pM. It was dissolved in 100% ethanol and added as .1 ml to each of the experimental reaction tubes.
The ergostatetraene concentrations for these studies ranged from 5 pM to 100 pM.
In determining the enzymatic activity in the various mutants and C. albicans the ergostatetraene concentration was 6.5 pM.
For the enzyme reversibility experiments, approximately 24 ug 
RESULTS AND DISCUSSION
A wide range of enzyme activities was obtained for the various cellular fractions assayed ( Table 1 ). The standard assay procedure was used with 1 ml of the appropriate cellular fraction added as the enzyme.
% Ergostatetraene conProtein Cellular fraction assayed verted to ergos-(mg/ml) terol 500 x g supernatant 16 22 2,500 x g supernatant 16 19 25,000 x g supernatant 7 17 25,000 x g pellet 45 
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18
The best activity was obtained in the 25,000 x g pellet. This is similar to the results reported for the methyltransferase (6). The lowest activity was found in the 25,000 x g supernatant.
Various co-factors were tried (Table 2 ) but NADPH gave the best conversion as had been previously reported (19) . Each of the tubes in If this is correct then it is possible that the ergostatetraene would not be a suitable substrate in the Candida system.
In order to develop the best possible conditions for the assay it was necessary to determine the optimal pH. Assays were performed with buffers ranging from pH 6.0 to pH 8.5 ( Figure 5 ). Both Tris (hydroxymethyl)-amino methane (Tris)-hydrochloride and K2HPO4 buffers were used. The optimal pH centered on 7.5 and is about the same as the reported optimal pH of the methyltransferase (23) . .20
The unique reactions involved with side chain modifications are24 important in understanding the role of sterols in cells. By selectively controlling these reactions it might be possible to develop a drug that would be extremely specific in its mode of action and highly effective against fungal pathogens.
Control of these enzymes should also lead to the accumulation of intermediates in the sterol pathway and might allow one to determine the order of sterol synthesis leading to the formation of ergosterol.
The accumulation of sterols other than ergosterol would allow one to better understand the physiological role of sterols in fungi.
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